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This research report presents a multiple criteria decision
making problem for a regional economic-environmental system. A
multiobjective programming model and a goal programming model are
formulated and solved. The decision variables in the mathematical
models are output values of business firms within the region. The
major constraints involved in the models are resource availability,
environmental consideration, production capacity or market
potential, and mandatory plan. The major objectives considered are
maximizing profit, minimizing production cost, maximizing
production, reducing unemployment, protecting the quality of the
natural environment, and making rational use of resources to reflect
the overall objective of improving the quality of life. These
objectives are either explicitly stated in the objective functions
or implicitly considered in the goals and constraints of the
mathematical models. The priority scheme or the preference system
of the decision makers is also incorporated into the model.
The study was based on a survey conducted on a census of 66
business firms that have significant impact on the regional
economic-environmental system within the W County in China. In the
solution process, the objective function weighting schemes are used
and a range of alternative solutions are generated. These
solutions, as alternative strategies, will be presented to the
decision makers in the local government for reference in the
strategic planning and probably one of them will be selected as the
best for implementation.
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It has long been recognized that the availability of
limited or scarce resources is the main restriction of
economic development, but environmental consideration as a
restriction has been recognized only within a few
decades. Rapid economic growth in the developed countries
during the 1950s and 1960s caused heavy environmental
pollution and rapid natural resource depletion. Since the
late 60s, the environmental protection movement has become
a public interest in order to protect human rights to
clean air and clean water, to defend the rights for future
generations to natural resources, and to preserve natural
areas which were disappearing through industrialization.
Environmental issues have become topics of many subjects
such as biology, economics, ecology, law, business,
chemistry, etc.
In mainland China, environmental issues were not
taken seriously until the end of the Cultural
Revolution. However, heavy damages to the natural
environment cannot be ignored, especially in the
industrial areas. In the W County, for example, the
concentrations of sulphur dioxide (SO2) and total
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suspended solid (T.S.S) have exceeded the standard
stipulated in the National Standard (Air Standard)-- UDC
551.510.4 GB3095-82. W County is in the rural area and,
therefore, its environment is not polluted as heavily as
in the industrial areas.
Pollution caused by recent rapid economic development
in this country has brought the environmental issues to
the attention of both the government and the general
public. During the last decade, the Chinese Government
has promulgated laws and regulations regarding these
issues, such as the-Environment Protection Law, the Law of
Marine Environmental Protection, and the Interim
Procedures for the Collection of Pollutant Discharge
Penalties.
Research Problems and Research Objectives
Research Problems
While all the economic entities individually abide by
these laws and regulations, a critical problem still
remains unsolved. The regulations provided only the
standard concentrations of pollutants in waste water and
gas.- Although the wastes each factory dispatched do not
exceed the standard concentration, the total amount of
some pollutants dispatched within each region has exceeded
the total amount that the region can tolerate.
On the other hand, production is limited to levels
that can be supported by available resources and,
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therefore, the availability of scarce resources restricts
the economic development of a region. All the economic
entities within a region are competing for the limited or
scarce resources. Some of these firms may use these
resources more efficiently and profitably than others. If
the output of each firm is readjusted and the limited
resources are reallocated using a systematic and
scientific method, the economical outcome of the whole
region must be improved.
Therefore the major research problems to be addressed
in this research project are stated as follows:
1. How to control the total amount of each
pollutant dispatched within the region not to
exceed the total amount that the region can
tolerate?
2. How to allocate the limited or scarce resources
among different firms within the region in order
to improve the welfare of the whole region?
Research Objectives
Multiple criteria decision making techniques will be
used in this research project to examine the W County in
China to build a regional economic-environmental
multiobjective programming model in order to optimize the
whole regional social and economic system. The model
formulation and solution are the main body of this report.
The solution to the mathematical programming model
will aid in determining the optimal output of each firm
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and in determining the priority of development of
different industries within the region. It will provide a
systematic and analytical tool for the local government
for management decision making, especially for the medium-
and long-term planning.
Although the focus is specifically placed on the
geographic area of the W County, the multiobjective
programming model formulated and the solution techniques
used are also applicable to other regions in China. This
research project will also serve as a stepping-stone for
further research in regional economic-environmental
modeling. Direction and topics for further research will
also be highlighted.
To summarize, the specific research objectives are:
1. To determine the optimal output value for each
business firm within the region
2. To determine the priority of development and
growth of different industries and business
firms
3. To examine the areas of further research in
regional economic-environmental modeling
4. To present the strategy of applying the




There are three major areas that are critical to the
successful conduct of this research project. These areas
are the scope and major areas of investigation, collection
of data, both secondary and primary, and the data analysis
techniques. Each of these areas will be discussed briefly
in this chanter.
Scope and Major Areas of Investigation
scope or Investigation
In China, a county is an administrative division, so
that it is large enough to be regarded as an independent
regional system and small enough for the local government
to be able to exercise control and for the researcher to
master its economic situation. Because China's economic
system is a central planning system, a model such as the
one built in this research project will be feasible and
implementable.
W County is a relatively large county with a
population of approximately one million. It covers an
area of more than 3.5 thousand square kilometers, of which
6070 is mountains, 1070 is lakes and rivers and the
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remaining 30% is arable land. Within the region, there
are crop lands, orchards, forests and salterns. Rivers,
large and small, amount to more than 120. Manufacturing
industry consists of machine building, food processing,
textile, papermaking, metal melting, and chemical
producing.
All the economic entities, such as factories, farms,
stores, railroads and households, within the region have
impact on the regional economic-environmental system.
Given the time limit, it will be impossible to investigate
all the entities within the region and it is unnecessary
to include every firm in the mathematical model. To keep
the question simple, the problem researchable, and the
model manageable, only those economic entities that have
critical impact on the local economy and on the quality of
the natural environment are investigated and included in
the mathematical model. Others, whose influences are
regarded as constant or fixed, are not investigated.
Those economic entities included in the mathematical model
were selected on the following criteria:
1. Its annual output exceeds 300 thousand Yuan
(Renminbi) or
2. It is a significant origin of pollutants or
3. It is a large consumer of limited or scarce
resources and/or energy.
Based on the criteria outlined above, 66 firms were
eventually selected for investigation and will be included
in the mathematical model.
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Major Areas of Investigation
In order to analyze the economic-environmental
situation and to solve the research problem, the following
areas were investigated and the relevant information was
collected.
Current output of each firm-- The output of each
firm will be the decision variable in the model.
Consumption of critical resources and energy of each
firm-- The availability of these resources and energy
restricts production and economic development of the whole
region. These critical resources and energy are steel,
pig iron, cement, coke, electricity, coal, oil and water
supply. Those resources that are not considered to be
scarce and do not restrict production were not included in
the mathematical model.
Amounts of resources and energy available for the
whole region-- As discussed above, the available amounts
of these resources can determine the maximum output of the
region.
Profit and cost level of each firm-- These two items
are the indicators of efficiency of each firm.
Number of employees of each firm-- This item
reflects a social objective of employment and reflects the
productivity of each firm.
The production capacity and market potential of each
firm-- This is the upper limit that the firm can produce
in the short run and therefore a constraint in the model.
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Mandatory plan of each firm-- This is the minimum
amount that a firm has to produce in order to fulfil the
quota assigned by the higher authority or the country.
Amounts of pollutants dispatched by each firm-- This
item is the main consideration of environmental
protection. The total amount of each pollutant that the
region can tolerate restricts production within the region
if the environment quality is not to be deteriorated.
Data Collection
Collection of Secondary Data
The primary reason for secondary data collection in
this research project is time saving. An additional
benefit of secondary data collection is that data
collected will provide a means for checking the accuracy
of the primary data. Most of the data items outlined
above were collected through secondary data sources.
These secondary data sources are mainly government
departments. The main sources and data items that were
collected from each source are listed in Table 1.
Collection of Primary Data
Primary data consists of the information needed foi
this research project but which has not been collectec
from secondary data sources. Those data items that are
readily answered by the respondents were also collectec
frnm nrimarv data sources for the purpose of checking fo
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Table 1
Sources and Items of Secondary Data
Sources Data Items
Profit level of each firm undezTax Bureau
investigation.
Electricity consumption of eachPower Supply
Department firm within the region power
supply capacity each year for the
whole region.
Environment Amounts of each pollutant
Protection dispatched by each firm each year
Bureau the total amount of each pollutant
dispatched each year within the
whole region pollutants whose
amounts dispatched within the
region have exceeded the total
amounts that the region can
tolerate, i.e. those pollutants
that have restricted production
total amount of each pollutant that
the region can tolerate.
Amounts of critical resourcesEconomic Commission
(including labor force) available
for production within the region.
The mandatory plan of each firmPlanning Commission
under investigation.
accuracy with the secondary data.
Primary data were collected from individual firms
under investigation. A combination of mail survey,
telephone and personal interview was employed. In order
to obtain the information required for the research, a
questionnaire was designed (appendix A). At first, the
nuestionnaire was sent to each firm concerned, and then a
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telephone call followed. If the questionnaire was not
returned on time, a personal visit to the individual firm
was made. This procedure ensured that the required
information for the research was collected completely and
thoroughly.
Data Analysis Techniques
Within a region, there are many objectives for the
sake of improving the quality of life, such as maximizing
profit, minimizing cost, increasing production, protecting
the quality of the natural environment, making rational
use of resources, decreasing energy consumption, and
reducing unemployment. Some of these objectives may be
conflicting. For example, increasing production is
usually done at the expense of increased environmental
degradation. Multiobjective analysis provides a
operational approach to deal with such conflicting
objectives in the real world decision making. In this
research paper, both a multiobjective programming model
and a goal programming model will be formulated and solved
to deal with the regional economic-environmental problem.
With these models, some of the objectives outlined above
were optimized and others were sacrificed.
Multiobjective Programming
Multiobjective programming is a technique used tc
assist the decision makers in determining specific values
for each of n decision variables x= (x1,x2,..,xn),
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in order to optimize objective functions
subject to various
constraints on the decision variables, expressed as
Stated mathematically, the general form of
mul tiob j ec tive programming model is:
Maximize
Subject to
In this model, it is assumed, without loss of
generality, that each of these objective functions is to
be maximized. If an objective is a minimization form,
then it can be converted into maximization form by
multiplying the objective function by -1.
A solution xv to the problem is said to be a
andsuperior solution if and only lI
for allfoI
An efficient solution xe to the problem is a
for which there does notfeasible solution,
suchexist any other feasible solution,
andfor allthat
for some
A function v, which associates a real number v[f(x)]
to each x E X, is said to be a value function representing
a particular decision maker's preference structure. A
utility function and a weighted sum of the problem's
individual objective functions are examples of such value





Solving this problem means finding the solution which
maximizes v over all feasible solutions such a solution
is called a best compromise solution.
Based on the mathematical structure of the objective
and the constraint functions, multiobjective mathematical
programming models can be classified into linear and
nonlinear models. According to the types of the decision
variables (continuous or integer) contained in the model,
multiobjective programming models can also be classified
into continuous and discrete models. In this research
report, the models formulated are linear models, i.e. all
of the the objective and constraint functions are linear
and all of the decision variables are continuous.
Much research work in multiobjective programming has
been done during the last two decades. Zeleny (1982)
pointed out that the more general area of multicriteria
decision making was the most rapidly growing area of OR/MS
during the 1970s. As Evans (1984) elaborated, there are
three main reasons for this rapid development and for the
increasing interest in this area. First, and most
importantly, is the increasing recognition that most
decision problems are inherently multiobjective in
nature. Even many problems addressed by classical
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single-objective models can easily be viewed as
multiobjective. A second, but related, reason is the
recognition of numerous stakeholders in many problems.
Finally, a third reason is the enormous improvement over
the last two decades in the speed, storage, and
flexibility of computing facilities.
In fact, many single-objective mathematical
programming problems are only approximations or
simplifications of multiobjective problems because the
outcome associated with the decisions are
multidimensional. Those objectives with lower priority
are either ignored or implicitly considered through the
us a of constraints which restrict the specific objective
to the attainment of a prespecified level.
Goal Programming
Goal programing, a concept first introduced by A.
Charnes and W. W. Cooper in the early 1960s, refined and
extended by Y. Ijiri in mid 60s, and further developed by
J. P. Ignizio and S. Lee in the 70s, is one of the
techniques used to deal with multiobjective problems.
Goal programming, which is in essence an extension of
linear programming, allows decision makers to incorporate
their preference system in dealing with multiple
conflicting goals and enable them to come as close as
possible to satisfying various goals in order of their
priority. The solutions to the problem provide values for
each decision variable in such a way that deviations from
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each of the prespecified goals are minimized.
Mathematically, the general form of goal programming




positive deviation from the ith goal
negative deviation from the ith goal
priority coefficient for the kth priority
the relative weight of dviational variable
d in the kth priority level
the relative weight of deviational variable
d. in the kth priority level
i
number of goals or goal constraints
number of decision variables
number of nongoal (or structural)
constraints.
In essence, goal programming differs trom
multiobjective programming in that objectives are stated
in terms of linear objective functions rather than
nresDecified goals. In some cases multiobjective
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programming has an advantage over goal programming in
which the goals are stipulated before the problem is
solved.
Computer Programs
Coefficients, both in the objective and in the
constraint functions, were calculated with the cannec
package, Lotus 1-2-3. The Lotus 1-2-3 worksheet provide:
a powerful tool to organize and calculate raw data and tc
store information. Its row number and column letter
provide a clear reference for the data matrix structure,
Its Print File command provides a function for the Lotu:
1-2-3 to export data file to disk that is readable b3
other high level languages, which enables the finalize(
coefficient matrix to be translated into a data file that
is readable by the FORTRAN language.
Once the data has been collected, the coefficients ii
the model have been calculated and estimated, and the
right-hand-side values in the constraint functions hav(
been determined) alternative mathematical programming
models formulated were solved using a program written wit]
FORTRAN Language (appendix B). The program was run boti




DESCRIPTION OF THE MATHEMATICAL MODEL
In this chapter, the elements or components of the
mathematical model, i.e., decision variables, constraints,
goals, and objectives, are discussed first and then three
alternative mathematical programming models are
formulated.
Elements of the Mathematical Model
Decision Variables
Decision variables are the unknown quantities to be
determined in the solution to the mathematical model.
Each of the decision variables, xj, in the models
formulated is the output value (in monetary terms) of each
of the firms involved. There are three major reasons for
using the output value instead of the units of physical
product produced by each firm as the decision variable:
1. Each factory within the region is a homogeneous
manufacturer but among factories there is a
variety of products. For example, the Chemical
Fertilizer Plant only produces different
nitrogenous fertilizers; the Bearing Manufacturing
Comnanv only manufactures different assortments of
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bearings and the Automobile Factory only
assembles large passenger buses. The only common
unit of output is in monetary terms, although, it
is not necessary to use a common unit.
2. Data on output values is more readily available
than number of units of product produced because
each firm summarizes its total output in monetary
terms at the end of each year for accounting and
reporting purposes.
3. The mathematical model will be kept relatively
small so that it will be manageable and solvable
on a PC computer. At present PCs are the only
computers available at the county level in China.
Although it would be more appropriate to use the
number of units of product than the output value in
monetary terms as the decision variable, the model
formulated in this way will not lose its significance. It
is assumed that the region as a whole is a system that is
going to be optimized and the firms within the region are
subsystems which can also be optimized by using systematic
methods, i.e., each firm produces a desirable mix of
products within its own constraints. By using the output
value instead of the number of units of product, the
number of decision variables is reduced dramatically, and
therefore the size of the mathematical model.
In addition to the decision variables, in formulating
the goal programming model, di -'s and di *'s are
used as deviational variables. They represent,
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respectively, the amount by which the goal i was
underachieved or overachieved
Constraints
Constraints are those limiting factors that impose
restrictions on the activities in optimizing the objective
functions. These constraints are fixed requirements which
can not be violated in the problem formulation and
solution. Examples of such constraints are limited or
scarce resources, environmental consideration, production
capacity or market potential, mandatory plan, labor force,
etc. Limited resources include raw materials and energy.
Environmental considerations are represented by the total
amounts of pollutants that the region can tolerate.
Mandatory plan of a firm is the minimum amount that the
firm has to produce in order to fulfil the quota assigned
by the higher authority, and therefore is the lower bound
of the decision variable. Similarly, production capacity
or market potential of a firm is the maximum amount that
the firm can produce, therefore, is the upper bound of the
decision variable. If any one of the constraints is
violated, the solution to the mathematical programming
model will be termed as infeasible.
Goals
Goals are the prespecified targets that the decision
makers want to approach. These goals need not be strictly
Iimiting as are the constraints. Instead, they should be
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satisfied as closely as possible, if they can not be
achieved exactly. The decision makers' objective in
selecting a program for action is to minimize the
deviations from these targets. Goals can be said to be
maintenance objectives which will appear among both
objectives and constraints.
For example, one of these goals identified by the
local government is full employment. The total number of
laborers within the region is given and the decision
makers want these laborers to be fully employed but do not
want the labor force to be in shortage. On the other
hand, low level unemployment and overtime working will be
allowed if the full employment goal can not be satisfied
exactly within the feasible region determined by the
constraints. In order to attain the full employment goal,
both positive and negative deviations, i.e. both
unemployment and overtime working, should be minimized.
If additional resources can be obtained, even at a
higher price, and pollutants exceeded the total amount
that the region can tolerate can be purified, of course at
a cost, both resource and environmental constraints can be
relaxed and transformed into goals. In China, additional
resources are indeed available at a higher price. The
higher price is called negotiated price and the additional
resources are called unplanned resources. If the
objective of the local government is to minimize the
consumption of the unplanned resources and to minimize the
emission of pollutants exceeding the amount that the
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region can tolerate, these goals can substitute for the
corresponding constraints and can be incorporated into the
mathematical model.
Objectives
Objectives are the criteria based on which various
actions could be evaluated and an optimal action could be
chosen. The decision makers want to obtain the highest
degree of performance or achievement on these criteria.
No particular values of the objectives are set and only
the extremes are sought within the limits of feasibility.
The overall objective is to improve the quality of life in
the region through government policy and various business
activities. To accomplish this overall objective, a
number of specific objectives have been identified by the
local government. These specific objectives are
maximizing total profit, minimizing total production cost,
and maximizing total output value with the profit
maximization as the preemptive or dominating objective.
These objectives can be explicitly formulated into
objective functions in the mathematical model. Unlike
goals, these objectives can be said to be innovative
objectives.
Formulation of the Mathematical Model
Based on the analysis above, a number of alternative
mathematical models can be formulated to solve the
research problems outlined in chapter I.
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In order to maintain generality, in formulating the
mathematical model, it is assumed that n firms, m
resources, and (m-m1) pollutants, i.e., n decision
variables, m1 resource constraints and (m-m1)
environmental constraints, will be involved in the model.
A Multiobjective Programming Model
If resources, environmental consideration, production
capacity or market potential, mandatory plan and laboz
force are all treated as constraints, a multiobjective
programming model can be formulated. In this model, three
objectives that have been identified by the decision
makers are stated explicitly as objective functions.










the jth decision variable, i.e., the output
value of the jth firm, in 10 thousand Yuan
Renminbi, the value of which is to be
determined by solving the mathematical model;
profit ratio of firm j;
nrouction cost ratio of firm i:
consumption rate of resource i
of producing per 10 thousand Yuan of output
value by firm j;
total quantity of resource i
available for use by the firms within the
whole region
emission rate of pollutant i by
firm j;
total amount of pollutant i that
the region can tolerate
mandatory plan of firm k, i.e., the minimum
output value that firm k has to produce in
order to fulfil the quota assigned by the
higher authority
mandatory plan of product 1, i.e., if several
firms produce the same product, their output
values can be pooled together and this
relationship can be expressed by one
constraint inequality
the maximum output value of firm j. In the
short run, the production capacity is fixed,
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hj is the minimum of the production capacity
or market potential. In the long run, the
production capacity can be increased or
decreased according to the market demand and
profitability, so that hj will be the market
potential.
The first objective function maximizes total profit
the second minimizes total production cost and the third
maximizes total output. The first set of constraints
ensures that no more resources can be used than are
available the second set of constraints ensures that the
total amount of pollutants emitted does not exceed that
the region can tolerate the third set of constraints
ensures that the mandatory plan will be fulfilled and the
fourth set of constraints ensures that the output value
determined for each firm is within its capacity.
The size of the mathematical model formulated is
(m+2n)n. In this case, n equals 66 m1 equals 5 and i equals 14.
A Goal Programming Model
As mentioned above, if the decision maKeIS of the
local government are willing to relax or ease the
restrictions imposed by the resource and environmental
constraints, the multiobjective programming model
formulated above can be restructured into a goal
programming model. Since it is not always possible to
achieve all the goals to the degree desired, the decision
equals 14.
makers can also incorporate their preference system for
the multiple conflicting goals into the goal programming
model through their orioritles.
Following are the goals and the preference
information that the decision makers of the local
government have provided:
P1(priority 1) limit the pollutants emitted to the
amount of no more than 110 percent
of that the region can tolerate,
i.e., the over emitted amount of
pollutants is no more than 10
percent of that the region can
tolerate;
p (priority 2) limit the consumption of the
unplanned resources to 10 percent
of the amount already available;
p (priority 3) minimize both unemployment and
overtime working;
p(priority 4) maximize profit;
p (priority 5) minimize production cost;
p (priority 6) maximize total production.
The preference information provided by the decision
makers is only a rank of ordering of different goals. The
priority scheme is specified by the decision makers
through interviews and discussions.
The goal programming model which can reflect the
characteristics of the regional economic-environmenta1







the priority coefficient for the wth
priority;
underachievement of goal i;
overachievement of goal i.
Other notations are the same as expiainea in the
multiob,jective programming model.
In this model, since profit and output value are to
be maximized, arbitrarily very large values M1 and M3
are assigned to the right-hand-side values of the profit
and output value goal constraints. Similarly, because the
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production cost is to be minimized, a zero value is
assigned to the right-hand-side value of the production
cost goal constraint.
An Ideal Mathematical Programming Model
If sufficient information is available to allow for
conversion of all of the deviational variables to monetary
terms, the deviational variables can be incorporated into
the profit objective function. Thus, the mathematical
model formulated in this way will be more meaningful to








All the notations are the salle as explained
previously.
ci( i==l 2,...,) is the premium price that has
to be paid in order to obtain an additional unit of
resource i. c (i=m+l,...,m) represents the cost of
purifying per unit of pollutant i. The term c d+
i i
is incorporated into the profit objective function to
reflect the cost of procuring additional resources and
purifying excessive pollutants.
If I. is used to represent the investment of
purifying per unit of pollutant i and r is used to
represent the required return on investment, c can be
expressed as:
Unfortunately, data on investment of purification
equipment is not available. In fact, at present, no
effective process is available that can be employed
efficiently in purifying some of the pollutants, such as
waste gases with low concentrations of S0_ and CO.
On the other hand, investment is a discrete variable.
A factory can not buy and install one half or one fourth
of purification equipment. If investment is incorporated
in this model, the basic assumption of divisibility of
linear model will be violated. As a result, the
mathematical model formulated above will become more
complicated, and therefore, more advanced techniques, such
as integer programming and nonlinear programming, must be
used to solve the research problems.
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Chapter IV
CALCULATION AND ESTIMATION OF MODEL PARAMETERS
In order to solve the research problem outlined in
chapter I, primary and secondary data were collected and
mathematical models were formulated. In this chapter,
data, both primary and secondary, collected will be
analyzed and all the coefficients, both in the objective
functions and constraints, and right-hand-side values in
the mathematical model will be calculated and estimated.
After the collection of both the secondary and
primary data and before the actual analysis, the
completion and accuracy of the data collected were
checked. Because all the firms investigated can be
reached by telephone, the inaccurate and missing data
items were checked by telephone with the firms concerned.
Calculation of the Coefficient Ratios
The major step of data preparation process is the
calculation and estimation of various coefficients in the
model, both in the objective functions and in the
constraints. As mentioned in chapter II, these
coefficients are calculated with the canned software Lotus
1-2-3. The current output value, which is calculated
based on the 1978 constant price, is used as the
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denominator in calculating the coefficients in the
mathematical model. Because the output value and
profitability fluctuate each year, a two year average is
used for most of the items. As an illustrative example,
Table 2 is used to calculate firm A's coefficients in the
mathematical model.
Determination of the Right-Hand-Side
Values of the Constraints
Four types of natural or structural constraints are
included in the mathematical model formulated in chapter
III. In the rest of this chapter, the method in which the
right-hand-side values are determined or estimated will be
e n» c c o A
Determination of the Right-Hand-Side
Values of the Resource Constraints
There are no doubts and difficulties in determining
the right-hand-side values of the resource constraints.
The amount of each specific resource allocated to the
region by the country is fixed each year and the amount
produced by the region each year can be predicted with
certainty. The resources used by those firms that are
not involved in this model are regarded as constant. The
right-hand-side value of a resource constraint is the sum
of the amounts of this resource allocated by the country
and produced within the region minus the amount used by
those firms that are not involved in the model.
Table 2
Calculation of the Coefficient Ratios
Production (1984) (0000 Yuan)
Production (1985) (0000 Yuan)




Profit (1984) (0000 Yuan)
Profit (1985) (0000 Yuan)






Production Cost (1984) (0000 Yuan)
Production Cost (1985) (0000 Yuan)






Electricity Consumed (1984) (KWH 0000)
Electricity Consumed (1985) (KWH 0000)






Coal Consumed (1984) (0000 Tons)
Coal Consumed (1985) (0000 Tons)






Oil Consumed (1984) (0000 Tons)
Oil Consumed (1985) (0000 Tons)






SO Dispatched (1984) (Tons)
SO Dispatched (1985) (Tons)






Cr+6 Dispatched (1984) (kilos)
Cr+ Dispatched (1984) (kilos)






Wasted Oil Dispatched (1984) (Tons)
Wasted Oil Dispatched (1985) (Tons)
Wasted Oil Dispatched (two year average)






Determination of the Right-Hand-Side Values
of the Environmental Constraints
These values are reflected by the concentrations of
air and water pollutants, which are taken as indicators of
the quality of the natural environment. Determination of
the total amount of a specific pollutant that a region can
tolerate is an active research area in environmental
science. This value is very difficult, if not impossible,
to determine, given the present technology, because it is
influenced by so many factors, such as plant assimilation,
diffusion, and chemical compound combination and
decomposition. Each factor is in turn influenced by a
number of other variables. For instance, plant
assimilation is influenced by vegetation and weather
conditions air pollutant diffusion is influenced by wind
force and direction, place and the height of emission, and
temperature water pollutant diffusion is influenced by
river flow rate and precipitation, etc. The concentration
of air and water pollutants is also affected by emission
from other sources outside but nearby the region
concerned.
The total amount of pollutant dispatched within the
whole region and within a given time period is also very
difficult to determine or estimate. All economic
entities, including business firms and households,
dispatch pollutants as long as they have any activity.
The emission rate varies greatly among different seasons
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during the year. For example, during summer, households
generate pollutants mainly by cooking, while during
winter, much more pollution is generated by heating.
During summer, more ground is covered by plants;
households emit less pollutants and rain-fall is
heavier. As a result, the region can tolerate more
pollutants during summer than during winter.
Fortunately, a number of techniques have been
developed to determine this value in China. For example,
Zhao Guifeng, Zhang Guang hai, and Fu Guanyang of the
Shenyang Institute of Environment Science have determined
the SO2 tolerant capacity of the Shenyang region using
the linear programming technique Wang Meisheng and Gao
Zhiyuan of the Northeast University of Technology have
calculated the SO2 tolerant capacity of the W County
using the automatic control theory.
In this case, the two year averages of the 1984 and
1985 pollutants dispatched by all the firms under
investigation are used as the right-hand-side values of
the environmental constraints. If a pollutant dispatched
each year is less than or equal to this average amount,
the quality of the natural environment will be kept at the
present level, otherwise, the quality of the natural
environment will be deteriorated.
Some firms have already incorporated purification
processes into their production process and also some of
them use pollutant abatement technology. This effect was
accounted for in the pollutant emission rate coefficient,
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the aid, in the environmental constraints in the
mathematical model.
Determination of the Right-Hand-Side Values
of the Mandatory Plan Constraints
In China, each of the business firms accepts an
annual output quota from the Planning Commission, a branch
of the government, at the beginning of each fiscal year.
This quota, which is determined based on the actual output
of the previous year and on the market demand, is called
the mandatory plan and is taken as the right-hand-side
value of the mandatory plan constraints. Since the
economic reform program was initiated in 1978, China's
economic system has been transforming from a pure planned
economy to a planned and market guided mixed system. As a
result, the percentage of mandatory plan in the output
value has decreased each year.
Mandatory plan can be used to explain why many firms
operate at a loss and their production volumes still
increase Year by year.
Determination of the Right-Hand-Side Values
of the Capacity Constraints
The right-hand-side value of a capacity constraint is
the minimum of the production capacity and the market
potential of a firm. Since many factories were built many
years ago and some of them have been expanded many times,
there is no way to determine their design production
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capacity. Actually, many firms have never operated at
capacity. In this case, the production capacity is
estimated by experienced factory managers and market
potential is estimated based on expert opinion. The
market potential is very difficult to forecast or estimate
accurately, especially in a period of economic reform and




Since the conflicting nature of the objectives, a
superior solution to the problem, i.e., a solution at
which all the objective functions are optimized
simultaneously, does not exist. In other words, only




Many solution techniques or algorithms for solving
multiple criteria decision making problems have been
developed during the past two decades, although no single
method is generally accepted in the way that the simplex
method is for the single objective linear programming.
However, several approaches do exist that can aid
significantly in addressing multiple criteria decision
making problems. As a matter of fact, all the techniques
applied are virtually variations and extensions of the
single objective linear programming algorithm. The
primary solution approaches include:
1 mIticriterion simplex method and goal
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programming algorithm for multiobjective and
goal programming problems respectively
2. objective function weighting schemes and
3. interactive approaches.
For solving the mathematical programming models
formulated in chapter III2 the objective function
weighting schemes are employed for both of the
multiobjective and goal programming models. In this
approach, the weighted sum of the individual objective
functions is employed as a single objective function which
is to be optimized subject to the constraints of the
original problem to search for the best compromising
solutions. For the goal programming model, a single
objective function is formulated by assigning values to
the priority coefficients in the objective function. The
values assigned reflect the same order of relationship as
the priority. Theoretically, an objective function
weighting scheme is actually not one of the multiple
criteria optimization techniques because the objective
functions are restructured into a single objective
function. Practically, this technique can be an effective
approach for handling real world problems because the
decision makers may prefer a solution where each of the
objectives is satisfied to a certain level to one that the
objective with the highest priority is satisfied to the
full extent.
Hwang and Masud (1979) classify solution methods
handling multiple criteria decision making problems
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according to the timing of requirement for preference
information versus the optimization process:
1. prior to the optimization (prior articulation of
preferences)
2. during, or in the sequence with, the
optimization (progressive articulation of
preferences) and
3. after the optimization (posterior articulation
of preferences).
The method employed in the solution process is a
combination of the prior and posterior articulation of
preferences. In addition to the more is better
assumption, the decision makers specified their preference
structure in a rank of ordering of various objectives
prior to the optimization process. The priority scheme of
the decision makers change over time, which is partially
influenced by the government policy and by the criteria
based on which the performances of the decision makers are
assessed. For instance, prior to and during the 60s, the
task with top priority was to produce as much as possible
so as to provide enough products for the subsistence of
the general public. Nowadays, profit maximization becomes
the objective with the first priority for the sake of
improving the quality of life. In the near future, the
emphasis will be shifted to the protection of the natural
environment to prevent the quality of life from
encroachment by human activities. Since the difficulties
that the decision makers have in specifying the priority
and weighting coefficients numerically, the preferenc
information provided is only used as a reference ii
finding the efficient solutions. These solutions will be
presented to the decision makers who will have one of then
chosen as the best solution which will be used as a
guideline in the county wide strategic planning.
Actually, the solution results are a range of alternatives
(with different objective function values) among which the
decision makers can make a logical choice.
A Heuristic Method
The models formulated represent a typical problem in
which each of the decision variables has both a lower and
a upper bound since each of the firms has a minimum output
value, its mandatory plan, and a maximum output value, its
production capacity or market potential. Only a few firms
have a zero mandatory plan and therefore, have a zero
lower bound. Thus, the mathematical model contains a set
of greater-than-or-equa1-to constraints, each of which has
only one decision variable. Mathematically, this set of
n= pynTftsssed as!
If the model contains the greater-than-or-equa1-to
constraint, x. g., for decision variable j, thejj j
nonnegativity constraint, 0, is not binding.
During the solution process, this type of
greater-than-or-equal-to constraint is first converted to
the standard nonnegativity constraint to reduce the size
of the model and to simplify the solution process,




Let and the model becomes:
Maximiz e
Subj ec t to
The converted model in standard form is:
Maximize
Subj ec t to
In the algorithm, the two phase approach was used to
deal with artificial variables if equal-to and
greater-than-or-equa 1-to constraints are involved in the
model. In phase X, the artificial variables are forced
out of the basic solution. In phase II, the original
problem is solved. If any one of the artificial variables
can not be forced to a value of zero, the problem has no
feasible solution and phase II is not pursued.
Numerical Solutions
The alphabetic coefficients in the mathematical
models formulated in chapter III were substituted with the
numerical ones calculated in chapter IV and the problems
were solved using the computer program written with the
FORTRAN language. Both of the mu1tiobjective and goal
programming models were solved with the same computer
program on both of the IBM PC and the CUHK mainframe IBM
4381.
Since the two phase method is used and artificial
variables are introduced, solving the goal programming
model needs more iterations than solving the
mu1tiobjective programming model with the same size, but
the goal programming model can generate more information.
It is interesting to note that, with only a few
exceptions, all of the solution values of the decision
variables are at either the lower or the upper bound.
This phenominon proves that most capacity constraints and
mandatory plan constraints are binding constraints in the
optimization process.
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Solutions to the Multiobjective Programming Model
After conversion to the standard form, the model has
66 decision variables, 3 objective functions, and 80
constraints among which 14 are resource and environmental
constraints and 66 are capacity constraints. Different
sets of priority coefficients are assigned to the three
objective functions and the selected solution results are
presented through appendix C. Number of Constraints in
the solution results means the number of resource and
environmental constraints.
Exactly the same solutions are obtained when priority
coefficient values of 10,000.00, 100.00, and 1.00 and
priority coefficient values of 2,500.00, 50.00, and 1.00
are assigned to the profit, production cost and output
objective functions respectively (Appendix C-1 and C-2).
If priority coefficient values of 100.00, 1.00, and 1.00
are assigned to the three objective functions
respectively, the solution obtained is exactly the same as
that of a model with the profit maximization as the single
objective (Appendix C-3 and C-4).
If priority coefficient values of 3.00, 2.00 and 1.00
are assigned to the three objective functions
respectively, the solution obtained is undesirable. In
order to obtain acceptable solutions, a significantly
dominating priority coefficient value should be assigned
to the profit objective function, e.g. at least ten times
of that assigned to the cost objective function.
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Solutions to the Goal Programming Model
The converted goal programming model has 66 decision
variables, 31 deviational variables, and 114 constraints
among which 97 are capacity constraints and 17 are goal
constraints. The goal programming problem was solved by
assigning different priority and weighting coefficients to
the deviational variables in the objective function in
accordance with their priority. Selected solutions are
presented through appendix D.
The full employment goal was fully satisfied in all
the solutions obtained. By examining the values of the
deviational variables, it can be found out which and how
much of a specific goal is underachieved or overachieved.
More specifically, it can be found out which resource will
be overutilized and additional amount should be purchased
which resource will be underutilized and no additional
amount will be required which pollutant emitted will
exceed the amount that the region can tolerate and should
be purified and which pollutant emitted will not exceed
the amount that the region can tolerate and additional
amount will be allowed to be emitted
Economical Benefit of the Mathematical Model
Each set of the solutions obtained will be an
alternative strategy for implementation. With the use of
the mathematical model, various decision strategies can be
analyzed and evaluated in accordance with the decision
criteria, i.e., the objective function values. Because of
the complex nature of the problem caused by infinite
number of solutions, only the relative effectiveness of
selected decision strategies on the real problem will be
measured.
The actual two year average values of total profit,
total production cost, and total output and the relevant
ratios are listed in Table 3. These values and ratios
will be used as the reference in evaluating the
effectivenesses of the different decision strategies.
Table 3
The Actual Two Year Average Financial Result
Total Output (0000 Yuan; 62077.2
Total Production Cost (0000 Yuan) 42979.6
Total Profit (0000 Yuan) 8079.7
CostOutput Ratio 0.6924
ProfitOutDUt Ratio 0.1302
Four sets of selected solutions are summarized in
Table 4.
Comparing solution 1 with the actual two year
average, both ratios are improved. Assuming the same
economical condition, with the same amount of resources
used and same amount of pollutants emitted, tne
incremental profit is 9,789,000 Yuan, or a 12.127o increase
over the actual two year average; and the incremental
output is 55,276,000 Yuan, or a 8.90% increase over the
Table 4
Summary of Selected Solutions
Solution 1 (from Appendix C-l C-2
Total Output (0000 Yuan)
Total Production Cost (0000 Yuan)
Total Profit (0000 Yuan)
CostOutput Ratio
ProfitOutput Ratio
Solution 2 (from Appendix C-5)
Total Output (0000 Yuan)
Total Production Cost (0000 Yuan
Total Profit (0000 Yuan)
CostOutput Ratio
ProfitOutput Ratio
Solution 3 (from Appendix D-l)
Total Output (0000 Yuan)
Total Production Cost (0000 Yuan)
Total Profit (0000 Yuan)
CostOutput Ratio
ProfitOutout Ratio
Solution 4 (from Appendix D-2)
Total Output (0000 Yuan)
Total Production Cost (0000 Yuan)






















actual two year average.
Comparing solution 2 with the actual two year
average, as in solution 1, both ratios are improved.
Again assuming the same economical condition and no more
resources are used and no more pollutants are emitted, the
total profit of the region increased by 5,154,000 Yuan, or
6 .387o over the actual two year average. Although the
total output decreased by 96,795,000 Yuan, which my not be
desirable, the improved costoutput ratio means that the
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resources are used more efficiently.
If the decision makers are willing to procure
additional resources and to purify excessive pollutants,
the economic result will be further improved. Solution 4
is obtained by increasing the right-hand-side values of
the resource and pollutant constraints by 10 percent.
Comparing solution 4 with solution 1, profit increased by
2,151,000 Yuan or 2.377 output increased by 11,296,000
Yuan or 1.67%. The increases in both profit and output
are less significant than the increases in the amounts of
resources consumed and pollutants emitted.
Solution 3 is obtained with no increases in resource
consumption and only a little increase in pollutant
emission (9.4851 Tons of wasted oil). Comparing solution
3 with solution 1, both cost and profit ratios are the
same, but profit increased by 1,306,000 Yuan or 1.44% and
output increased 9,503,000 Yuan or 1.41%. It is believed
that solution 3 is probably the most desirable among all
the solutions already obtained.
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Chapter VI
APPLICATION AND LIMITATIONS OF THE MODEL
Up to this point, alternative mathematical
programming models have been formulated, solutions to
these models have been obtained, and the economic benefit
brought about by the models have been analyzed. In this
chapter, the strategy for applying the model to other
regions and the limitations of the model will be
discussed.
Application of the Mathematical Model
Although the multiobjective programming technique has
been used in environmental control since 1973, such
empirical examples have not been found in literature in
China. The regional economic-environmental multiobjective
programming model built in this research project is
probably the first in this country. Although the model
was formulated on the situation of the W County, it can be
applied to other regions or to a larger or smaller scale
if it is proved to be meaningful and useful. Other
regions may mean another county, municipal or provincial
area, or a specific industrial center. In China, all the
regions, large or small, have similar political, cultural
anA Pconomical situation. The overall objective of each
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region and the style and process of decision making are
also the same. The differences in the mathematical model
are in the parameters, various coefficients and the
right-hand-side values, and probably in the types of
pollutants and resources that bind the regional economic
development.
How successfully the model will be applied to other
regions depends, to a large extent, on how successfully
the model will be implemented in the W County because
experience gained in one region can be used to promote the
development of other regions. Because China is so large a
country, the application of the mathematical model to
other regions is much more important and valuable than the
model building itself.
Application to Other Counties
There are more than two thousand counties in China.
The main task for applying the mathematical model to these
counties is data collection and analysis. The types of
objective functions and the constraints in the
mathematical model will be the same as that used in the
model built on the situation of the W County. If data are
collected, the same analysis techniques and solution
procedures can be used and the same computer program can
be employed.
If possible, it is recommended that the number of
units of physical products rather than the output value in
mnnetarv terms be used as the decision variable and the
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total contribution to fixed cost and profit instead of the
net profit be used as the objective with top priority.
Application to A Larger Scale
When the mathematical model is applied to the
municipal or provincial level, the size of the model will
be very large if the model elements or components are
defined in the way used in the county level. In order to
make the model manageable, it will be better to classify
products into large categories and firms into different
industries.
Application to A Specific Industrial Center
or Specific Firm
If it is applied to a specific industrial area within
a city, the model will be more powerful. The
concentration of air and water pollutants is probably more
uniformly distributed within a small geographical area and
resources can be more easily allocated and distributed.
Since not too many firms are located in a small
geographical area, the decision variables in the model can
be defined in terms of units of physical products
manufactured and the product categories can be classified
in more detail.
The mathematical model can be easily applied to a
specific firm since it is no more than a product structure
or resource allocation problem. The only difference is
that the environmental constraints are incorporated into
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the model and, therefore, become limiting factors in the
production activities.
Limitations of the Mathematical Model
It must be realized that the model inevitably has its
limitations and shortcomings. In order to appropriately
implement the model, limitations inherent to the model
should be recognized and thoroughly understood by the
decision makers who will use the information generated
from this model. Limitations discussed in this section are
mainly referred to the case of the W County.
The Static Nature of the Mathematical Model
Probably the first and the foremost of these
limitations is the static nature of the mathematical
model. The solutions obtained hold only as long as the
conditions at the time of solutions hold. The research
problem may change over time and thus it will be necessary
to update the model components and their relationships
continuously. The objectives of the local government may
change also, especially in a period of economic reform in
China. For example, as discussed previously, the dominant
objective of the local government before 1978 was
maximizing the total output value in order to provide
enough products for the national construction and public
daily consumption, and since the economic reform, the
emphasis has been shifted to maximizing profit. Another
a-ramnle of such changes is that the proportion of
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mandatory plan in the output value is diminishing and
eventually will be eliminated as China is adopting a
market mechanism.
Limited Scope of Investigation
In order to allow for easy formulation, manipulation
and solution, the model was built relatively simple, so
that it may not represent all the relevant aspects of the
regional economic-environmental problem. Firstly, as
mentioned above, output value as the decision variable is
too rough a summation of the products that a fire
produces. Secondly, many limiting factors may not be
included in the model. Although some raw materials may
not be considered as scarce to the region, they may become
limiting factors to some specific firms and, therefore,
will impose restrictions on the production activity.
Thirdly, many small firms that have impact on the regional
economic-environmental system are not involved in this
model.
Approximation of Linearity
The linear relationship of various components is
actually an approximation. This is especially true in the
profit objective function. According to the principle of
economy of scale and the learning function, the profit
ratio is held constant only within a small range. As the
production volume changes, the profitability will also
change, therefore, it is suggested that the total
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contribution to the fixed cost and profit rather than the
net profit be used as the objective with the highest
priority.
Another example is that the concentration of a
specific pollutant is not uniformly distributed within the
region. Those areas near the pollutant origin must be
polluted more heavily than other areas, so that a linear
function is a rough representation of the pollution
situation.
Applicability
According to the assumptions, the model formulated is
only applicable to an open economic system in which raw
materials can be imported and finished products can be
exported. That is, in addition to its throughput, the
economic system must have its input and output. If the
regional economic system is a closed one, it is suggested
to examine the possibility of utilizing other analytical
techniques for the regional economic-environmental system,




DIRECTIONS FOR FURTHER RESEARCH
Because of limitations and shortcomings inherent to
the mathematical model, further refinement of the model
will be necessary in order for the model to generate more
accurate information. The topics for further research in
regional economic-environmental multiobjective programming
modeling are discussed in this chapter.
Sensitivity Analysis
As discussed in chapter IV, the parameters (the c.,
aiJ,, bi, gj, h.., etc.) used in the mathematical
model are only estimates or predictions and not all of
them are perfectly accurate. Even if some of the
parameters are accurately estimated or predicted, they
will subject to change over time. Because business firms
operate in a dynamic environment, especially in the
economic reform period, data pertaining to market
potential, profitability and resource availability may
change significantly in a short time period. Changes in
the cost of materials, cost of labor, or price of product
will all cause changes in the coefficients. Sometimes
artificial changes may be imposed in order to improve the
economical results. To make the model generate solutions
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that are not only currently effective but also flexible
and adaptable to future unpredictable changes, it is
important to perform the sensitivity analysis to
investigate the possible effects on the optimal solution
as various parameters change.
Because a weighted sum of objective functions is used
as a single objective function in the solution process,
the techniques used for single linear programming model
can be employed in the sensitivity analysis.
Specifically, the following basic types of sensitivity
analysis are suested for further research.
Changes in Right-Hand-Side Values
Within a region, additional resources can be
available at higher prices and excessive pollutants can be
purified at costs. In the long run, the production
capacity of each firm can be either contracted or
expanded. The shadow prices, the per-unit contribution of
the right-hand-side value to the objective functions, will
determine which constraint has paramount impact on the
objective functions, but the shadow prices are meaningful
only as long as changes in the right-hand-side value do
not cause some current basic variables to be pivoted out
of solution. In this respect, the right-hand-side ranging
analysis is needed to determine how much of the
right-hand-side value of each particular constraint can be
increased or decreased without affecting the feasibility
of the optimal solution.
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For the resource constraints, comparing the shadow
price of each resource with the cost of procuring the
additional unit of this resource will determine if
additional amount of this resource should be purchased.
The valid range determined through the right-hand-side
ranging analysis will determine how much of this resource
should be purchased.
For the pollutant constraints, the shadow price of
each pollutant will be compared with the cost of purifying
a unit of this pollutant to determine whether the
excessive amount of this pollutant should be allowed to be
emitted and be purified. Similarly, the valid range will
determine how much of this particular pollutant should be
allowed to be emitted and be purified.
For the capacity constraints, the shadow prices will
determine which firm or industry should be expanded. The
valid range will determine the extent of expansion.
Consequently, the priority of development of certain firms
and industries will be determined.
Adding a New Decision Variable
Given the resource requirement, the pollutant
emission rate, and the profit and cost ratios, this
analysis will determine whether the new variable will
enter the basic solution or what its objective function
coefficients must be in order for it to enter the basic
solution. That is, within the regional economic-
ortr rnnmental system, whether a new firm should be set up
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or whether a new industry should enter into business.
In this analysis, the shadow prices will be used to
calculate the opportunity cost of bringing a new variable
into solution, i. e., bringing a new firm into business.
Then the opportunity cos t will be compared with the
objective function coefficients to determine the
feasibility of adding the new decision variable.
Nowadays, new technologies are emerging, product life
circle is shrinking, and market demand is changing, as a
result, old products are replaced by new products and old
firms are squeezed out of business by new firms that are
progressive and full of vigor.
Changes in Objective Function Coefficients
According to past experience, the profit and cost
ratios of a firm fluctuate greatly, i.e., the objective
function coefficients change overtime. Changes in the
cost or profit coefficients may occur without any change
in the resource availability or pollutant emission.
Unlike changes in the right-hand-side values of
constraints, which change the values of the basic
variables, changes in the objective function coefficients
only, affect the optimality of the current solution and the
objective function values as long as no basic variables
are pivoted out of the basis. The analysis of changes in
objective function coefficients will answer the question
of whether the change in a coefficient of the objective
- nn affect the basic variables in the solution.
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Also, this analysis will determine the allowable ranges of
change in the objective function coefficients without
affecting the optimal solution.
Adding a New Constraint
As mentioned in the previous chapter, not all the
resources required and pollutants emitted are included in
the mathematical model. The resources and pollutants not
included may or may not become limiting factors in the
production activity and, in a general sense, in the
economic development and growth of the region. If data on
a particular resource or pollutant are available, a new
constraint can be added into the mathematical model. In
such a situation, the optimal values of the decision
variables will be substituted into the new constraint:
If the new constraint is satisfied, no change in the moaei
is required. If the constraint is violated, the current
solution is no longer feasible and the new constraint has
to be added to the original model and the problem has to
be resolved.
Employing the Multicriterion Simplex Method
and the Goal Programming Aigoritnm
As discussed in chapter V, the solution approach used
in the solution process of the problem is an objective
function weighting scheme. The major disadvantage of this
approach is the difficulty in assigning weights and
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priority coefficients to the objective functions because
the decision makers are unable to specify a precise set of
weights and priority coefficients. Another problem
encountered in actual practice is that the prespecified
set of weights and priority coefficients do not always
yield acceptable solutions to the decision makers. In
addition, if infinite sets of weights and priority
coefficients are assigned to the objective functions,
infinite sets of solutions will be generated, so that it
is difficult for the decision makers to select the one as
the best.
Therefore, it is considered necessary to modify the
computer program written with FORTRAN language using the
multicriterion simplex method for the multiobjective
programming model and the goal algorithm for the goal
programming model. Thus the most important objective can
be sought before other goals are considered. Once the
most important objective has been attained or has reached
the maximum possible level of attainment within the
constraints 2 the second most important objective will be
sought, and so on. Again, the same program can be used
for both the multiobjective and goal programming models.
In this approach, the preference information required
for the solution is only a rank of ordering of the
different objective functions. Although it can not be
guaranteed that this approach will generate acceptable
solutions, it can be used as an alternative to the
objective function weighting schemes.
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Introducing 0-1 Variables to the Mathematical Model
As discussed in chapter III, if sufficient
information is available to allow for conversion of all of
the deviational variables to monetary terms, the
deviational variables can be incorporated into the profit
objective function. One problem in practice is that
investment in pollutant purification equipment is not a
continuous variable. Hence, it is believed necessary tc
introduce 0-1 variable to the mathematical model tc
reflect the discrete nature. The solution to the model
will determine which pollutant, and how much of the
pollutant, will be allowed to be emitted and should be
purified, and which purification equipment should be
purchased and where or in which factory it should be
installed. Of cause, to pursue this study, relevant
information must be collected.
Updating Data and Refining Coefficients
Since most of the parameters in the mathematical
model are roughly estimated and predicted, there is a
continuing need for data update and coefficient
refinement. As soon as more precise information, such as
the right-hand-side values of the pollutant constraints,
are available, they should be incorporated into the
mathematical model such that the model will more precisely
represent the real economic-environmental situation and




Throughout this report, the focus is on the
quantitative model formulation and solution which will be
used in problem solving and decision making. The results
of this study have been presented in the previous
chapters. In this chapter, the recommendations will be
outlined herewith for the consideration of the decision
makers in the local government of the W County.
Implementation
Although there are many restrictions, the economic
benefit of the mathematical model is obvious. Therefore,
it is recommended that the County Government proceed with
one of the solutions that is considered to be the best.
If all the solutions on hand are unsatisfactory,
additional sets of solutions can be obtained by assigning
different sets of priority coefficient values to the
objective functions and resolving the mathematical model
until the satisfactory solutions have been sought. The
true value of this research project can be realized only
if the solutions to the mathematical model have been put
into actual use. The key variables affecting the
QI P_SSful implementation of the mathematical model is the
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support from management, in this case, the County
Government. Therefore, it is strongly recommended that
the local government play an active role in the
implementation process.
It is believed that a number of conflicts and
obstacles may be encountered during the implementation and
it will be quite likely that implementation will fail if
only technical factors are considered. Different
personnel and different organizations within the region
will react differently to the implementation of the
mathematical model. Thoroughly understanding these
conflicts will be advantageous to the success of the
implementation. Conflicts may be caused by many reasons
each of which that can be predicted will be discussed
briefly.
To readjust the output of the firms to reach the
optimal values, which is determined by the solution to the
mathematical model, will symbolically result in a transfer
of power from firms whose outputs are reduced to the firms
whose outputs are increased. Because size and growth rate
of an organization are indicators of power of the
management of the organization, resistances to the change
are inevitable.
Some of the employees will have to change their jobs
from firms whose outputs are decreased to firms whose
outputs are increased and possibly from positions that
they are familiar with to positions that they are not
familiar with. Task differences and job dissatisfaction
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sometimes create conflicts.
There also appears to be obstacles from the
reallocation of resources among the firms affected by the
mathematical model.
It is possible that a forcing change will create
unfavorable attitudes. Because change is always difficult
and threatening, it is the decision makers' responsibility
to explain the economical benefits brought about by the
implementation of the mathematical model to those who are
affected. People are expected to cooperate with the
implementation because it is to their advantage to do so.
The discussion above suggests an implementation strategy
as a planned change in activities of all organizations
involved.
Exploring the New Markets and Expanding
Production Capacities
Examining the solutions obtained (Appendices C and
D), it can be found out that, with a few exceptions, all
solution values of the decision variables are at either
lower or upper bound. This means that production
capacities or market potentials and mandatory plans of the
firms involved are binding constraints on the economic
development of the region. It is believed that the
economic results of the region can be improved if the
production capacities of those firms which operate at full
capacity are increased even if no additional resources are
available and no more pollutants are dispatched. The
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extent of expansion should be in accordance with the
result of sensitivity analysis. In the long run, it is
possible to increase the production capacity to the level
desired, so that the limiting factor on the upper bound
remains to be the market potential. Because of the state
monopoly for purchase and marketing in the past, it is
quite likely that there are untackled markets.
Reducing the Proportion of Mandatory Plan
In line with the solutions, nearly half of the firms
should operate at the lower bound, i.e., only fulfill the
mandatory plan assigned by the higher authority. Further
lowering the mandatory plan may also lead to a further
improvement of the regional economical outcome.
It is suggested that those firms whose output should
be zero in accordance with the solution be closed down or
be combined with other firms. An implicit suggestion is
the vertical and horizontal integration of firms within
the region. How the integration should be implemented
should depend on further investigation.
Conclusions
In this research project, alternative mathematical
programming models, both theoretical and practical, have
been formulated and solved for a regional
economic-environmental problem using the multiple criteria
decision making techniques. Under the planning economic
system in China, governments at various level have direct
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control over business firms under their jurisdiction, so
that it is possible for the solution results to the
mathematical model to be put into real use. More
importantly, the model formulated and the solution
techniques used can be applied to other regions, such as
other counties, cities, and provinces, if the model is
implemented successfully in the W County. Since the
limitations and shortcomings inherent to the mathematical
model, further model refinement and data updating will be
necessary, hence, directions and topics for further
research in regional economic-environmental modeling have
been outlined.
In the case of the W County, recommendations have
been presented to the decision makers in the local





















































































































































































711 F0RMAT(,IX,'NUMBER OF CONSTRAINTS= ',13)
WRITE(6,712)N
712 FORMAT(,IX,'NUMBER OF DECISION VARIABLES= ',13)
WRITE(6,713)NM0F














715 FORMAT (45X, 'THE LOWER BOUNDS OF THE',
IX,'DECISION VARIABLES',,(IX,10F13.4))





719 FORMAT (2X, 'PRIORITY COEFFICIENTS OF OBJECTIVE
FUNCTIONS',,











746 FORMAT(40X, 'COEFFICIENTS OF THE',





377 DO 10 J10=1,N
G( J10)=GG(J10)
10 H(J10)=HH(J10)
IF (T.EQ.-l) GO TO 30
nn 9n T9n-1 m±9
20 AA(M+1,J20)=-AA(M+1,J20)











DO 730 J= 1.N
730 0B(I)=0B(I)+X( J)BB(1, J)
740 WRITE(6,721) I,OB(I)
791 FORMATS 2X' DR.TFCTTVF FUNCTION' 13'=' F30.4)
GO TU 01
)05 WRITE (6,52) Z
52 FORMAT (1H0 'OBJECTIVE FUNCTION=',F30.4)
51 WRITE (6,53) (J,X(J),J=1,N)
53 FORMAT (,30X,' SOLUTIONS'
























nn ur t— 1 h
145 A(I,N2)=A(I,N2)-G(J)A(I,J)
DO 150 1=1,M










IF (I.EQ.l) GOTO 160





IF(A(I,IQ(I)).EQ.1) GO TO 18!
IQ(I)=N4






IF(P.NE.M2) GO TO 315






521 WRITE(,522) (A(I,J),J=J0,JO+9),1= 1,M2)
522 FORMAT(IX,10(F13.4))
roi nn QRfi t —i uUJ OOU U— JL j TT
IF(A(P,J)-A(P,S).GT.E) GO TO 350
IF(A(P,J)-A(P,S).LT.E) GO TO 345
IF(P.EQ.Ml) GO TO 350
TT7AU1 t a m 1 ca nt_!?• nn Tn TRn
345 S=J
350 CONTINUE
IF(A(P,S).LT.-E) GO TO 415









IF(IQ(I).LE.W) GO TO 405
WRITE (.3931
393 FORMAT(1X,41HARTIFICIAL VARIABLE DOES NOT
SECEDE)
IF(A(I,W+1).GT.E) GO TO 525
WRITER.394
394 FORMAT(IX,26HPR0DUCE DEGENERATION)
DO 395 J= 1,W
IF(A(I,J).GT.E) GO TO 400
IF(A(I,J).LT.-E) GO TO 400
395 CONTINUE
WRITE(,396)














402 FORMAT(IX,35HPROVIDE DEGENERATION BASIC FEASIBLE,







IF(I.EQ.R) GO TO 1515
Y=A(I,S)











IF(A(I,S).LT.-E) GO TO 3000

















IF(H1(S).GT.T2) GO TO 1000
IF(H1(S).GT.T1) GO TO 2000
WRITE(,423) S
423 F0RMAT(1X,19H SELECT H(S) ,5X,2HS=,13)








1000 IF(T1.LE.T2) GO TO 2000
WRITE (,1002) S,R2
1002 FORMAT(IX,15HSELECT T2,5X,2HS=,13,5X,2HR=, 13)










IF(T1.GE.1E+12) GO TO 535
R= R1






















538 FORMAT (1X,16H UNBOUNDED)
Y=1E+10










562 DO 7000 J=1,N
IF(X(J).NE.1E+15) GO TO 7000





Y=TA f M1 NA
C WRITE (,570) Y
570 FORMAT (1H0 20H0BJECTIVE FUNCTION,F6.2)
C WRITE (,580) (X(J),J=1,N)
580 FORMAT (3X,2HX=,5F10.3)
WRITE (,1111) B
1111 FORMAT(IX,19HITERATI0N NUMBER= ,18)
WRITE (6,1091) B




SELECTED SOLUTIONS TO THE MULTIOBJECTIVE MODI
APPENDIX C-l
NUMBER OF CONSTRAINTS= 14
NUMBER OF DECISION VARIABLES= 6E
NUMBER OF OBJECTIVE FUNCTIONS=•
















































































































































Solutions at the lower bounds
Solutions at the upper bounds
ADDT7MHTV C
NUMBER OF CONSTRAINTS
NUMBER OF DECISION VARIABLES
WTIMRTPR HT7 HD TTTr!1 T 7I? UIIKlfTinK










































































































































Solutions at lower bounds
QninTinns at. uoDer bounds
APPENHTY r-
NUMBER OF CONSTRAINTS= 1
NUMBER OF DECISION VARIABLES= 6
NUMBER OF OBJECTIVE FUNCTIONS=













































































































































Solutions at lower bounds
c« 1 ii f n nc nnnf=»r hnnnds
APPTfNn T Y r~A
NUMBER OF CONSTRAINTS= 14
NUMBER OF DECISION VARIABLES= 66
NUMBER OF ORJEflTTVE FUNflTTDNR- 3




TOTAT, TTF.R ATT ON NUMBER= 50
OBJECTIVE FUNCTION 1= 9063.0630
OBJECTIVE FUNCTION 2- 46756.9800
OBJECTIVE FUNCTION 3= 68323.1600
Solutions at lower bounds



































































































































NUMBER OF CONSTRAINTS= 14
NUMBER OF DECISION VARIABLES= 66
NUMBER OF OBJECTIVE FUNCTIONS= 3




TOTAL ITERATION NUMBER= 33
OBJECTIVE FUNCTION 1= 8595.2290
OBJECTIVE FUNCTION 2= 39627.9800






































































































































Solutions at lower bounds
Solutions at upper bounds
ADDT7KfnTV n
NUMBER OF CONSTRAINTS= 1
NUMBER OF DECISION VARIABLES- 6
NIIMRFR OF nR.TFfT T VF FIINPT T HN R-




TflT AT TTT?D ATT HM H1TMKT7P- 1
OBJECTIVE FUNCTION
OBJECTIVE FUNCTION







































































































































Solutions at lower bounds
Rnlnt.ions at upper bounds
APPNDIX D
SOLUTIONS TO THE GOAL PROGRAMMING MODEL
The meaning of each objective functions is explained
in the following table.









Mininization of additional resource utilization
Minimization of excessive pollutant emission
Full employment
Profit maximization






(output value= 100,000-the objective function
value)
APPNDTX D-1
NUMBER OF CONSTRAINTS= 17
NUMBER OF DECISION VARIABLES- 97
NUMBER OF OBJECTIVE FUNCTIONS= 6







TOTAL ITERATION NUMBER= 193
OBJECTIVE FUNCTION 1= .0000
OBJECTIVE FUNCTION 2= 9.4851
OBJECTIVE FUNCTION 3= .0000
OBJECTIVE FUNCTION 4= 90810.7200
OBJECTIVE FUNCTION 5= 46763.6300



































































































































































































Solutions at lower bounds
Solutions at upper bounds
APPENDIX D-2
NUMBER OF CONSTRAINTS= 17
NUMBER OF DECISION VARIABLES= 97
NUMBER OF OBJECTIVE FUNCTIONS= 6







TOTAL ITERATION NUMBER= 170
OBJECTIVE FUNCTION 1= 3503.0300
OBJECTIVE FUNCTION 2= 1854.9440
OBJECTIVE FUNCTION 3= .0000
OBJECTIVE FUNCTION 4= 90726.2200
OBJECTIVE FUNCTION 5= 46936.2400



































































































































































































Solutions at lower bounds
Solutions at upper bounds
APPENDIX D-3
NUMBER OF CONSTRAINTS
NUMBER OF DECISION VARIABLES






































































































































































































































Solutions at lower bounds
Solutions at upper bounds
APPENDIX D-4
NUMBER OF CONSTRAINTS= 17
NUMBER OF DECISION VARIABLES= 97
NUMBER OF OBJECTIVE FUNCTIONS= 6




























































































































































































































Solutions at lower bounds
Solutions at upper bounds
APPENDIX D-5
NUMBER OF CONSTRAINTS= 17
NUMBER OF DECISION VARIABLES= 97
NUMBER OF OBJECTIVE FUNCTIONS- 6







TOTAL ITERATION NUMBER= 169
OBJECTIVE FUNCTION 1= 2500.0000
OBJECTIVE FUNCTION 2= 883.4084
OBJECTIVE FUNCTION 3= .0000
OBJECTIVE FUNCTION 4= 90726.2400
OBJECTIVE FUNCTION 5- 46923.9600




































































































































































































Solutions at lower bounds
Solutions at upper bounds
APPENDIX D~f
NUMBER OF CONSTRAINTS
NUMBER OF DECISION VARIABLES




































































































































































































































Solutions at lower bounds
Solutions at upper bounds
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